The clindamycin-erythromycin resistance (Ccr Emr) region of the Racteroides transposon Tn4351 is flanked by direct repeats. This study showed that the direct repeats are insertion sequence (IS) elements. Although both IS elements can mediate transfer of the chloramphenicol (Cmr) marker on pBR328 by cointegrate formation with the conjugal IncW plasmid R388, IS4351R-mediated transfer of Cmr occurred at a consistently lower frequency than did the transfer mediated by IS4351L. Analysis of plasmids from the resultant transconjugants revealed IS-mediated activities such as deletions, tandem duplication of IS4351L, and excision of IS4351R*
by direct repeats. This study showed that the direct repeats are insertion sequence (IS) elements. Although both IS elements can mediate transfer of the chloramphenicol (Cmr) marker on pBR328 by cointegrate formation with the conjugal IncW plasmid R388, IS4351R-mediated transfer of Cmr occurred at a consistently lower frequency than did the transfer mediated by IS4351L. Analysis of plasmids from the resultant transconjugants revealed IS-mediated activities such as deletions, tandem duplication of IS4351L, and excision of IS4351R* Three Bacteroides transposable elements have been characterized: Tn4351 (7), Tn4400 (5), and Tn4551 (10) . All three carry a gene which codes for resistance to both clindamycin and erythromycin (Ccr Emr). Tn4351 and Tn4400 also contain a tetracycline resistance gene (*Tcr) which confers resistance on aerobically grown Escherichia coli but not on anaerobically grown E. coli or on Bacteroides spp. (2) . All three transposons are flanked by homologous direct repeats of approximately 1.2 kilobases (kb) (8, 9) . Evidence suggesting that these direct repeats are insertion sequences (IS) has been obtained by Robillard et al. (5) . They showed that replicon fusion between two E. coli plasmids mediated by Tn4400 could result in cointegrates flanked by a copy of either one of the direct repeats and a copy of Tn4400. This is the structure expected if one of the direct repeats had mediated replicon fusion. They also obtained structures suggestive of inverse transposition events. However, the proportion of cointegrate formation to inverse transposition was not determined, nor were the relative activities of the two direct repeats and the intact transposon compared. Recently, Rasmussen et al. (4) sequenced a homologous direct repeat from Tn4351. This direct repeat, designated IS4351R, was able to transpose and activate a promoterless chloramphenicol acetyltransferase gene on a target plasmid in E. coli. The activity of the other direct repeat was not investigated.
In this study, the independent transposition activity of each direct repeat on Tn4351 was substantiated, and their relative activities were assessed. Each of the direct repeats was cloned into a Tcs derivative of pBR328 (deletion of the BamHI site of pBR328, 4.7 kb) (Fig. 1 ). Since pBR328 (11) is a nonmobilizable plasmid, it can be used to detect transfer due to cointegrate formation or other transposon-related activities. By using a Tcs derivative of pBR328, we were able to select for *Tcr on Tn4351.
A mobilization assay was used to detect the activities of Tn435J and the direct repeats. In these conjugation experiments, E. coli HB101 (RecA-; 1) In an initial set of experiments, the donor contained R388 and pVOH1, R388 and pVOH2, or R388 and pVOH3. Results are shown in Table 1 . The frequency of Cmr transfer mediated by 1S4351L (pVOH2) was 10-fold lower than that mediated by Tn4351 (pVOH1). The transfer of Cmr on pVOH3 (carrying IS4351R) occurred at a 100-fold-lower frequency than did the transfer associated with IS4351L. To verify the independent activity of the IS elements, retransfer experiments were carried out with derivatives of R388 into which the cloned Tn4351 or one of the direct repeats had transposed. Table 2 shows the frequency of transfer of Cmr on pBR328 by R388::Tn4351, R388::IS435L, and R388: :IS4351R. The transfer frequencies associated with either Tn4351 or IS4351L, carried on R388, were comparable to those associated with pVOH1 and pVOH2, respectively (Table 1) . However, IS4351R carried on R388 was 40-fold more active than it was when carried on pBR328 (pVOH3). The increase in activity could be due to differences in the adjacent DNA segments. The effect of adjacent DNA on the activity of the IS elements was not further investigated.
The results clearly demonstrate that both direct repeats were able to mediate the transfer of a marker on pBR328 (Tcs) through replicon fusion, but IS4351R was consistently less active than IS4351L. Neither IS element was as active as the intact transposon. This apparent difference in activity between Tn4351 and the IS4351 elements could have been due in part to the fact that inverse transposition involving the ends of Tn4351 (expected phenotype of transconjugants is *Tcs Cmr) or direct transposition of Tn4351 (expected phenotype is *Tcr Cms) could also occur, whereas only cointegrate formation would have been detected in the case of the IS elements.
Tn4351-mediated cointegrate formation should have resulted in the cotransfer of Cmr and *Tcr. However, in transfers involving pVOH1, a 98% loss of *Tcr was detected when chloramphenicol was the selective antibiotic (Table 1) . This implied a higher frequency of inverse transposition events conjugants were analyzed. Because these transconjugants contained more than one plasmid, the plasmid mixtures were digested with EcoRI, and a Southern blot (3) was probed with the 32P-labeled EcoRI fragment of Tn4351. Since this fragment contains most of IS4351R, the number of crosshybridizing EcoRI fragments gives an estimate of the number of IS elements in the plasmid mixture. Also, the labeled EcoRI fragment contained the *Tcr gene and should hybridize to the corresponding 3.4-kb fragment of pVOH2 (Fig. 1) . Deletions in this region would result in a smaller crosshybridizing fragment.
The EcoRI digest of plasmids R388 and pVOH2 generated three fragments (Fig. 2A, lane a) . The 5-and 3.4-kb fragments, corresponding to pBR328-IS4351L and pBR328-*Tcr (Fig. 1) , respectively, hybridized to the probe (Fig. 2B, lane  a) . The largest fragment (>21 kb) corresponded to R388 and did not hybridize to the probe. The plasmid products from each of the six transconjugants generated at least three EcoRI fragments which hybridized to the Tn4351 probe. The 5-kb fragment was conserved, except in one case (Fig. 2 , lane f) in which the fragment was slightly smaller. In two cases in which the transconjugants were *Tcs (Fig. 2, lanes  b and e) 
